Fungal epiphytes are a polyphyletic group found on the surface of plants, particularly on leaves, with a worldwide distribution. They belong in the phylum Ascomycota, which contains the largest known number of fungal genera. There has been little research dating the origins of the common ancestors of fungal epiphytes. This study uses a molecular clock to provide a rough time frame for the origins of fungal epiphytes in the orders Asterinales, Capnodiales, Meliolales, Microthyriales and Zeloasperisporiales. LSU, SSU, RPB1 and RPB2 sequence data from representative strains of the major classes of Ascomycota are used to represent internal calibration points in the phylogenetic tree, to estimate divergence times of fungal epiphyte lineages. The estimated date crowns of fungal epiphytes included in the orders Asterinales, Capnodiales, Meliolales occur in the middle or the end of Jurassic, with Meliolales and Zeloasperisporiales occurring in the Cretaceous. Foliar epiphytes placed in totally unrelated classes evolved as early as the Permian (298.9 to 252.17 Mya) based on sequence data from representative foliar epiphytes and fossil calibrations. The evolution of the most closely related groups of fungi and foliar epiphytes occurred during the Triassic to Jurassic. Phylogenetic relationships, evolution of morphological characters and nutritional mode of foliar epiphytes are discussed.
Introduction
Fungal epiphytes are a polyphyletic group with a worldwide distribution (Schoch et al. 2009 , Wu et al. 2011 , Hyde et al. 2013 , Hongsanan et al. 2014a , 2015a , b, c, Li et al. 2016 . They are defined as specialized nutritional guilds found on the surface of living plant parts, particularly on leaves; including saprobes, plant parasites, fungal parasites and lichens (Gilbert & Reynolds 2002 , 2005 . Many fungal epiphytes are obligate parasites (Wu et al. 2011 , Hongsanan et al. 2015a ), which can damage the host plants by penetrating host cells for the uptake of nutrients (Ariyawansa et al. 2015 , Hongsanan et al. 2014a , 2015a . Some species are saprobes and cause marketability problems, due to the black hyphae coating the surface of plants, especially economic fruits. Furthermore, they reduce photosynthetic ability of plants through the hyphal cover; they can also cause chlorosis under the hyphae and can cause plant-stunting disease and lower yield (Chomnunti et al. 2014 , Hongsanan et al. 2015c . Some fungal epiphytes cause sooty blotch and flyspeck disease on surface of apple or other host plants such as mango and pears (Ismail et al. 2016) .
Molecular clock methods have been used in several studies to date the origin and subsequent evolution of lineages in many groups of micro-and macrofungi (Berbee & Taylor 1993 , 2007 , Heckman et al 2001 , Sanderson 2003 , Taylor & Berbee 2006 , Vijaykrishna et al. 2006 , Zhao et al. 2016 ). The first application of the molecular clock to fungal groups was provided by Simon et al. (1993) . Fossil evidence is essential for dating (Benton et al. 2009 , Hedman 2010 , Inoue et al. 2010 , Magallon 2010 , Pyron 2010 , Wilkinson et al. 2011 , Lukoschek et al. 2012 , Sauquet et al. 2012 . Fossil evidence is used as the minimum age, which results in calibration points in the phylogenetic tree (Marshall 2008 , Forest 2009 , Parham et al. 2012 , Sauquet et al. 2012 . Despite several recent studies dating fungi, molecular clock dating and studies on the evolution of fungal epiphyte lineages has been poorly studied.
In this study, we focus on the evolution of fungal epiphytes using molecular clock dating. The fungal epiphytes are black mildews, black dots, and sooty moulds, mostly on plant leaves and belong in the orders Asterinales, Capnodiales, Microthyriales and Zeloasperisporiales of Dothideomycetes (Hyde et al. 2013 , Chomnunti et al. 2011 , Hongsanan et al. 2014a , b, 2015a , and Meliolales of Sordariomycetes (Kirk et al. 2001 , Justavino et al. 2015 , Hongsanan et al. 2015a , Maharachchikumbura et al. 2015 . We used multi-calibrations distributed across the Ascomycota as used in Pérez-Ortega et al. (2016) , and in addition we used fossil evidence for fungal epiphytes from previous studies to strengthen the calibration.
Fossil studies on fungal epiphytes Asterinales
Species in Asterinales are pathogenic biotrophs, appearing as black colonies on the surface of plants, particularly on leaves, and are common in tropical and subtropical regions and have a worldwide distribution (Hyde et al. 2013 , Hongsanan et al. 2014a . Although Asterinales appear to be similar to sooty moulds when observed with the unaided eye, they produce black, web-like colonies on leaves (Fig. 1) , and cause minor damage to host plants by penetrating host cells for the uptake of nutrients. Sooty moulds however, feed on honeydew excreted from insects (Hughes 1976 , Reynolds 1998 , Chomnunti et al. 2012 . Members of Asterinales are host-specific biotrophs (Hongsanan et al. 2014a) . A recent monograph of Asterinales was provided by Hongsanan et al. (2014a) . The order presently comprises three families based on phylogenetic inferences: Asterinaceae, Melaspileaceae, and Parmulariaceae (Guatimosim et al. 2015) . Engelhardt & Kinkelin (1908) studied fossils of leaves of Ilex (Aquifoliaceae), Sequoia (Cupressaceae), Sapindus (Sapindaceae), and Chrysobalanus (Chrysobalanaceae) and dated them to the Pliocene. They found taxa typical of Asterina on the fossil specimens. Thus, they concluded that the genus Asterina existed during the Pliocene (5.333 to 2.58 Mya). Dilcher (1965) found Asterina species on angiosperm leaves collected from lower Eocene deposits (56 to 33.9 Mya) in western Tennessee (USA), and introduced two new species, Asterina nodosaria Dilcher and A. eocenica Dilcher from Sapindus and Chrysobalanus, respectively. Dilcher (1965) also compared these asterina-like taxa from fossil specimens with modern specimens, and concluded that the genus Asterina originated at least as early as the Eocene. There are very few studies on both fossil and modern specimens of Asterinales. Consequently, they are poorly studied from an evolutionary point of view. 
Families of sooty moulds
Sooty moulds are saprobes, which indirectly damage host plants by reducing photosynthesis. Sooty moulds species normally feed on carbon sources, such as sugars (honeydew) excreted from sap-feeding insects; aphids, and whiteflies (Hughes 1976 , Reynolds 1998 , Chomnunti et al. 2011 , 2012 . These taxa appear as a black mold covering the host surface with dark hyphae (Fig. 2) ; they can affect many economic crops, e.g. Capnodium citri on Citrus spp. (Reynolds 1999) and Sorias spp. on mangoes. Species that occur on the surface of plants especially on fruits can reduce their quality, have important implications for import and export of fruits and reduce the sale of fruits in markets (Chomnunti et al. 2014) . Sooty mould species are polyphyletic and comprise seven families based on morphology and phylogeny (Reynolds 1998 , Winka et al. 1998 , Hughes & Seifert 2012 , Hyde et al. 2013 , Chomnunti et al. 2001 , 2012 ; Antennulariellaceae, Capnodiaceae, Euantennariaceae, Metacapnodiaceae (Dothideomycetes) and Chaetothyriaceae, Coccodiniaceae, and Trichomeriaceae (Eurotiomycetes). Although they belong in two classes, they live differently and are unrelated. The ascomata of Chaetothyriales are surrounded by a pellicle of superficial mycelium, and are often multilocular. However, some taxa in Capnodiales have also been isolated as rock-dwelling fungi and were noted that some of these taxa perhaps evolved from capnodiaceous species (Ruibal et al. 2009 , Selbmann et al. 2014 . These questions need to be clarified by using the life cycle of all the families of sooty moulds. In this study, we focus on the foliar epiphytes of Dothideomycetes and Sordariomycetes, and Chaetothyriales will be studied in the future. 1693 The oldest known fossils of sooty moulds belong to the Metacapnodiaceae (Capnodiales) and were found in France in Early Cretaceous Charentes amber (145 ± 4 to 66 Mya) and were dated to be at least 100 Mya (Néraudeau et al. 2002 , Perrichot et al. 2010 , Schmidt et al. 2014 , Pérez-Ortega et al. 2016 . Some of the taxa isolated as rock-dwelling fungi probably evolved from capnodiaceous sooty moulds (Ruibal et al. 2009 , Selbmann et al. 2014 ). This can be clarified by molecular data when sufficient informative data become available. 
Meliolales
The order Meliolales accommodates species of biotrophic epiphytes (Hansford 1961 , Hongsanan et al. 2015a , which may cause leaves to become stunted and pale in colour. Some species do not produce pathogenic effects, but reduce photosynthetic efficiency and aesthetic beauty of the host plant ( Fig. 3) (Thomas et al. 2013 , Hongsanan et al. 2015a ). Hongsanan et al. (2015a) monographed the order based on morphology and phylogeny and concluded that Meliolales presently contains Armatellaceae and Meliolaceae. The family Armatellaceae comprises a single genus, while Meliolaceae contains seven genera (Hongsanan et al. 2015a) . Species are believed to be host-specific, however, Hongsanan et al. (2015a) have shown that Meliola thailandicum can occur on at least two host families. Phylogenetic analysis indicates that Meliolales is a subclass of Sordariomycetes, Meliolomycetidae (Kirk et al. 2001 , Justavino et al. 2015 , Hongsanan et al. 2015a , Maharachchikumbura et al. 2015 , and this was confirmed by Maharachchikumbura et al. (2015) . Meliolales species are biotrophic and cannot be cultured, thus there are few sequences for the species in GenBank.
There is little fossil evidence for Meliolales (Dilcher 1965) . Meliola ellis Roum. was introduced as a species from fossils in northern England dated to the Holocene (0.0117 to 0 Mya) (Roumeguère 1880) . Köck (1939) 
Microthyriales
Species in Microthyriales are fungal epiphytes including biotrophs and saprotrophs, usually found on leaves or fruits (Wu et al. 2011 , Hongsanan et al. 2014b . They indirectly affect host plants by penetrating and extracting nutrients, but do not cause much damage. Species of Microthyriales appear as on leaves as small, circular, flattened, black dots, with a prominent central ostiole, and are poorly developed at the base. They are easily removed from the surface of the host. Asci are bitunicate and ascospores are 1-septate, some with appendages (Arnaud 1918 , Luttrell 1973 , von Arx & Müller 1975 , Barr 1987 , Kirk et al. 2008 , Wu et al. 2011 , Hyde et al. 2013 . The appearance of Microthyriales species on fruits can reduce marketability. Wu et al. (2011) recognized seven genera of Microthyriaceae, while a further four genera were added by Hyde et al. (2013) . A further two new genera were added by Hongsanan et al. (2014b) and Ariyawansa et al. (2015) with evidence from morphology and phylogeny. A few species in Microthyriales have been sequenced and higher level placement of the order has partially been resolved. However, there are many species in Microthyriales that have not been sequenced. Frantz (1959) reported microthyriaceous species on Sapindus, Pityophyllum (Gnetopsida) and numerous unidentified leaves from the fossil Tertiary (66 to 2.58 Mya). Fossilized Microthyrium on Buxus protojaponica was found in Japan in the Miocene (23.03 to 5.332 Mya) by Doi and Uemura (1985) . Szafer (1961) and Lancucka-Srodoniowa (1966) described Microthyriales on Buxus sp. from the fossil Miocene of Europe. Godwin and Andrew (1951) reported Microthyrium on a Buxus fossilized leaf in England from the Plaeistocene (2.58 to 0.0117 Mya). Some fossil specimens were described from the Plaeistocene under the form-name Microthyriacites or Phragmothyrites (Givulescu 1971 , Cooksoon 1947 , Selkirk 1975 . Microthyrialean taxa are common in the Eocene (56 to 33.9 Mya) 1695 or younger than Eocene (Germeraad 1979 , Doi & Uemura 1985 . However, the oldest fossil of the order Microthyriales was recorded in Colorado from the upper Cretaceous (145 ± 4 to 66 Mya) (Eriksson 1978) .
Zeloasperisporiales
The order was established to accommodate a single family Zeloasperisporiaceae by Hongsanan et al. (2015b) . Species of Zeloasperisporiaceae appear as small black dots on the surface of the host, often similar to species in Microthyriales. The generic type of this family is Zeloasperisporium which was introduced based on asexual characters. The life cycle of Zeloasperisporium species are remarkable as they have been isolated from the air and leaves and may obtain nutrients from plant cells using appressorium-like, inflated hyphopodia, which are slightly warted to lobed at the apex (Castañeda et al. 1996) . However, Crous et al. (2007) recognized this structure as conidiogenous cells of a synanamorph forming a second conidial type. The sexual and asexual morphs of Zeloasperisporiaceae species were clarified and discussed by Hongsanan et al. (2015b) . There is no fossil evidence for this order. Some taxa were discovered on amber fossil and resemble to Zeloasperisporiales species such as Callimothallus pertusus Dilcher which has flattened stromata on upper epidermis of leaf of Sapindus sp. (Sapindaceae), but associated with hyphae of Shortensis memorabilis Dilcher. Thus, we cannot be sure that they belong in Zeloasperisporiales due to the poor condition of specimens. 
Phylogenetic analyses
LSU, SSU, and RPB2 sequence data from the representative major orders in Dothideomycetes and Sordariomycetes were obtained from GenBank (Table. 1). The molecular clock tree was divided into two trees, which are fungal epiphytes in Sordariomycetes and Dothideomycetes.
The representative strains from Dothideomycetes were downloaded from GenBank. The representative strains from Leotiomycetes were selected as outgroup. The data set was aligned by using MAFFT (Katoh et al. 2009 ), checked and aligned manually using Bioedit (Hall 1999) . The jModeltest was used to perform to select the best-fit models of nucleotide substitution for each gene. Initial phylogenetic tree was performed by using MCMC sampling in MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001 , Zhaxybayeva & Gogarten 2002 , following Cai et al. (2006 Cai et al. ( , 2008 . The analysis used 4 nchains, and run for 10,000,000 generations. Trees were sampled every 1000 th generation which produces 10,000 trees. The first 2,000 trees are known as burin-in phase, and were discarded, and the remaining 8,000 trees were used to calculate the posterior probabilities. 1696 The representative strains from Sordariomycetes were downloaded from GenBank. The representative strains from Lecanoromycetes were selected as outgroup taxon. The data set was aligned using the same methods with the Dothideomycetes tree. The jModeltest was used in combination with AIC to estimate the best nucleotide substitution model the recommended models in the dataset of Sordariomycetes were GTR+I+G for LSU and RPB2, SYM+I+G for SSU. An initial phylogenetic tree was prepared using the same methods mentioned above.
Fossil calibrations
Divergence time estimation analyses were performed using the fossil calibrations as in Beimforde et al. (2014) and Pérez-Ortega et al. (2016) . The results from Pérez-Ortega et al. (2016) were used as secondary calibration in this study. Estimating divergence time of the common ancestor of fungal epiphytes in Dothideomycetes and Sordariomycetes was performed separately using BEAST for evolution analysis.
To estimate the molecular clock tree of fungal epiphytes in the Dothideomycetes, the Dothideomycetes crown group was calibrated using the result from Pérez-Ortega et al. (2016) as secondary calibration (normal distribution, mean = 290, SD = 30, with providing 95% credibility interval of 339 Mya). Metacapnodiaceae was used as a minimum age of Capnodiales (normal distribution, mean = 100, SD = 150, with providing 95% credibility interval of 346 Mya.). Microthyrium microscopicum and M. buxicola are typical of the oldest fossil of Microthyrium, thus used as the oldest fossil to be the minimum age of the common ancestor of Microthyriales (gamma distribution, shape = 1, scale = 50, offset = 65, with providing 95% credibility interval of 215 Mya.). The divergence times of the genus Calicium was estimated by Pérez-Ortega et al. (2016) and it was used as the secondary calibration in this study (Gamma, mean = 35, SD = 40, with providing 95% credibility interval of 155 Mya).
To estimate the molecular clock tree of fungal epiphytes in the Sordariomycetes, the rootHeight parameter was calibrated from the split of Leotiomycetes and Sordariomycetes (gamma distribution, shape = 1, scale = 50, offset = 300). The Sordariomycetes crown group was calibrated to be 256 Mya (202-306) by Pérez-Ortega et al. (2016) , (normal distribution, mean = 250, SD = 50, with providing 95% credibility interval of 332 Mya). Dilcher (1965) studied the Meliola species on fossil Eocene, Meliola spinksii, and it is similar to modern specimens of M. thailandicum. However, setae with branches at the apex are present in M. thailandicum, while they are undetermined in fossil specimens. Based on the similarity of fossil specimens and modern specimens, we assumed that the genus Meliola had existed in the Eocene (gamma distribution, shape = 1, scale = 50, off set = 35).
Molecular clock analysis
Molecular clock analyses were performed using BEAST 1.8.0. Aligned sequence data were partitioned separately for each LSU, SSU and RPB2 data set, and loaded to BEAUti 1.8.0. The data partitions were set with unlinked substitution, models and unlinked clock model and linked tree based on jModeltest results. Taxa sets were created for each interested groups and calibration of the common ancestor nodes, statistics associated with the most recent common ancestor (TMRCA). Substitution model was specified for each of data partitions (GTR+I+G for all genes used in Dothideomycetes, GTR+I+G for LSU and RPB2 and SYM+I+G for SSU used in Sordariomycetes). We used a lognormal distribution of rates for each gene estimated during the analyses with uncorrelated relaxed clock model (ucld). The tree prior was shared by all tree models, and consisted in a birth/death incomplete sampling tree prior was used to model the speciation of nodes in the topology. The analyses were performed for 50 million generations for both Dothideomycetes and Sordariomycetes, and sampling parameters every 1000 generations. Tracer v.1.6 was used to check the effective sample sizes, acceptable values were higher than 200. The first 50,000 trees representing the burn-in phase were discarded. The remaining trees were combined in LogCombiner 1.8.0. A maximum clade creditability (MCC) tree was given by summarized data, tree was estimated in TreeAnnotator 1.8.0. The tree was then viewed in FigTree . 
Results

Phylogenetic analyses
Phylogenetic analyses based on the LSU, SSU, and RPB2 sequence data of Dothideomycetes (Fig. 5 ) indicate that the species in Asterinales is placed within Dothideomycetes, and is distinct from other orders in the Dothideomycetes with high support (100% ML). Asterinales is closely related to Botryosphaeriales, but this relationship is not well-supported. The order Capnodiales contains the largest family of sooty moulds which is Capnodiaceae. The order Capnodiales was represented by 12 strains in this study, consequently appear to be well-resolved within Dothideomycetes with high bootstrap support (100% ML), and they formed a sister group to Myriangiales (83% ML). The order Microthyriales comprises four representative strains, which clustered within the Dothideomycetes (100% ML). Microthyriales is related to the clade of Natipusillales, which is fresh water fungi and fungal epiphytes Zeloasperisporiales, but its affinities to other orders are not well-resolved. Zeloasperisporiales species clustered with 100% ML support and are closely related to Natipusillales (84% ML), but as a distinct lineage from Microthyriales. However, Natipusillales and Zeloasperisporiales have very different morphology and habitats (Hongsanan et al. 2015b ). The Sordariomycetes tree generated by maximum likelihood analysis from combined LSU, SSU, and RPB2 sequence data indicates that the Meliolales clade includes seven species from the family Meliolaceae, which are grouped and placed in Sordariomycetes with high support (100% ML), which is congruent to the results of Hongsanan et al. (2015a) and Maharachchikumbura et al. (2015 Maharachchikumbura et al. ( , 2016 . Meliolales is closely related to the family Cephalothecaceae, which is placed as family incertae sedis in Sordariomycetes.
Divergence time estimates
In this study, the mean estimated dates are quite similar to previous studies Pérez-Ortega et al. 2016) . The MCC tree of Dothideomycetes provided by BEAST indicates that the divergence time estimated for Dothideomycetes and Lecanomycetes is 334 Mya (320−368), in the Carboniferous. The strains of Calicium, Cyphelium and Phycia grouped to represent the class Lecanoromycetes, which has an estimated date of 96 Mya (62−138) (Fig. 7) . The calibrations for Lecanoromycetes in our analysis resulted in an estimated crown date for Dothideomycetes at 315 Mya (278−348), during the Carboniferous. The divergence times of fungal epiphytes within the class Dothideomycetes estimated in this study are shown in The foliar epiphytes discussed in this study are marked with yellow dots.
Discussion
Reconstruction of the evolutionary lineages
The relaxed molecular clock allows more elastic modeling of rate heterogeneity, thus providing well-resolved phylogenetic results (Drummond et al. 2006) . In this study, we have used only the fossils and calibration points estimated from previous studies that are reliable for our objectives. According to our target groups belonging to Dothideomycetes and Sordariomycetes, the divergence times of both classes were estimated by Pérez-Ortega et al. (2016) . Thus, we used some calibration points from Pérez-Ortega et al. (2016) in our analysis, and also used the calibrations from fossil records in Dilcher (1965) and Beimforde et al. (2014) . Although, there are 13 available fossil records for Ascomycota, we could not use them all in these analyses because each is suitable for focusing on individual groups of Ascomycota. They will however, provide potential calibrations when sufficient molecular data is available in the future . Therefore, we only used fossils that appeared to be identical to the modern specimens. Hence, we used fossils calibrations from Asterinales, Capnodiales and Microthyriales, and Calicium in Lecanoromycetes, plus the calibration points estimated for the Dothideomycetes crown group (Pérez-Ortega et al. 2016) in the maximum clade credibility (MCC) tree for Dothideomycetes. We used fossil calibrations for Meliolales, including the calibration points estimated for Sordariomycetes crown group and the split between Sordariomycetes and Leotiomycetes from Pérez-Ortega et al. (2016) in the MCC tree for Sordariomycetes. The phylogenetic tree with divergence estimation was topologically quite similar to the maximum likelihood phylogenetic tree in most of the major lineages within Dothideomycetes and Sordariomycetes (Figs. 5, 6 ). According to our target groups, topological differences were found in the clade of Asterinales and Microthyriales, but did not affect to the position of each species in other target groups. By using the maximum likelihood analysis (ML), Asterinales shared the most recent common ancestor (MRCA) with Botryosphaeriales, although such relationships were not clearly statistically supported, and are probably due to inadequate taxon sampling in the dataset (Fig. 7) . The molecular clock tree provided by BEAST suggested that Asterinales is closely related and shared the most common ancestor with Dothideales, Myriangiales and Capnodiales in the Permian (Fig. 7) , but it was unique, a supposition supported by moderate Bayesian posterior probability, based on available sequence data and fossil records. The speciation event in Asterinales and in Dothideales, Myriangiales and Capnodiales occurred in a different geological period. This is probably because numerous fungal taxa of Dothideomycetes have not yet been discovered and sequenced. More collections of species in Dothideomycetes are needed to resolve their evolutionary relationships. The Capnodiales split from Myriangiales at the end of the Triassic and the beginning of the Jurassic; however, the Myriangiales crown group is much younger than the Capnodiales crown group. The order Microthyriales is morphologically similar to Zeloasperisporiales in having thyriothecia and in addition, they are foliar epiphytes. On the other hand, Venturiales are saprobes or parasites on various plants with ascomata. The order Microthyriales shared the most common ancestor with Venturiales in the MCC tree, while sharing the most common ancestor with Natipusillales and Zeloasperisporiales in maximum likelihood analysis based on available fossil records and sequence data. The moderate support for both Asterinales and Microthyriales is mainly due to the insufficient taxon sampling. More collections are needed to fulfill the incomplete data. Fig. 7 -Divergence time estimations of Dothideomycetes tree obtained from a Bayesian approach (BEAST) using internal calibrations from fossil minimum age constraints and previous studies. Bars correspond to the 95% highest posterior density (HPD) intervals. The fossil minimum age constraints and second calibrations used in this study are marked with green dots. Geological periods are indicated at the base of the tree. The foliar epiphytes discussed in this study are highlighted in purple. The phylogenetic tree generated by maximum likelihood analysis of Sordariomycetes indicated that Meliolales is closely related to the clade comprising Cephalothecaceae, Coniochaetales and Cordanales, but is a distinct order, but the relationships are weakly supported. This result is similar to those of Hongsanan et al. (2015a) and Maharachchikumbura et al. (2015 Maharachchikumbura et al. ( , 2016 . The MCC tree for Sordariomycetes indicates that the Sordariomycetes crown group existed in the Permian. The Meliolales crown group is estimated to have evolved in the Cretaceous and its most common ancestors are Cephalothecaceae, Chaetosphaeriales, Coniochaetales, Cordanales, Phyllachorales, and Sordariales. However, these five orders clustered together, with Meliolales forming a distinct adjacent lineage. Accordingly, the Meliolales can be considered as relatively quite young, the crown group of this order is slightly distant from others.
Divergence time estimates
Divergence times estimated from our study used five calibration points for Dothideomycetes and three calibrations points for Sordariomycetes and generally correspond with the results of Beimforde et al. (2014) . In the analysis of Dothideomycetes, our data included more calibration points within Dothideomycetes and Sordariomycetes. Furthermore, we did not use the external taxon in another phylum (e.g. Basidiomycetes), which may result to high ages in some lineages of Ascomycota. Compared with other studies, our results indicate neither much younger nor older when compared to Beimforde et al. (2014) and Pérez-Ortega et al. (2016) .
Earlier studies used few representative strains from Dothideomycetes and Sordariomycetes to estimate the divergence times as aims of the studies were different. Thus, we are unable to compare individual lineages between our analysis and earlier studies. Divergence times estimated in this study correspond to Beimforde et al. (2014) and Pérez-Ortega et al. (2016) in the estimated date for the Dothideomycetes crown group. However, our analysis produced an older origin than Pérez-Ortega et al. (2016) , while younger than Beimforde et al. (2014) . The divergence time estimated for the Sordariomycetes crown group in our analysis was older than in Beimforde et al. (2014) and Pérez-Ortega et al. (2016) , but younger than the estimated date of Gueidan et al. (2011) . However, the Sordariomycetes crown group in the Permian in our analysis was the same as Beimforde et al. (2014) and Pérez-Ortega et al. (2016) . The split between Leotiomycetes and Sordariomycetes estimated date in our analysis is most similar to Beimforde et al. (2014) (see Table  2 ), it is however older than the results from Prieto and Wedin (2013) and Pérez-Ortega et al. (2016) . It is difficult to compare inferred ages estimated in each study due to various reasons such as genes under study, model of evolutionary rates, and parameter setting. The dating is based on fossil records and therefore depends on the period that a fossil specimen was discovered. In fact, the group may have evolved long before this period. Similarly, the dating resolved by the molecular clock is an indication of which taxa evolved on a chronological scale, but may be inaccurate due to insufficient data.
Evolution of foliar epiphytes
Foliar epiphytes in totally unrelated classes evolved at least in Permian (298.9 to 252.17 Mya) (Figs 7, 8) . This is based on evidence from sequence data from representative foliar epiphytes and fossil calibrations. The estimated crown dates of most fungal epiphytes are in the Jurassic, with only Meliolales and Zeloasperisporiales in the Cretaceous. The evolution of the most closely related groups of fungi and foliar epiphytes occurred during the Triassic to Jurassic.
The order Asterinales is represented in this study by two strains of foliar epiphytes from Asterinaceae, which shared the most recent common ancestor with four lichenicolous strains of Melaspileaceae. This clade was synonymized under Asterotexiales based on the phylogenetic analysis of Ertz et al. (2016) . Asterinales was represented as a clade unrelated to Asterotexiales in their study. Hyde et al. (2016) noted that both clades contain members of Asterinaceae and Parmulariaceae, thus they treated the older clade as Asterinales sensu stricto. Asterinaceae and Parmulariaceae were reported as polyphyletic by Inácio and Cannon (2008) and Guatimosim et al. (2015) . The group of Asterinales sensu stricto was included in our analyses.
The two families Asterinaceae and Melaspileaceae belong in Asterinales sensu stricto (≡ Asterotexiales) based on phylogenetic analysis (Ertz & Diederich 2015) . This is similar to our analyses (Fig. 5) . Although Melaspileaceae species are lichenicolous, many Melaspileaceae strains lacking sequence data are saprobic or weakly lichenized (Ertz & Diederich 2015) . Ertz & Diederich (2015) expect that many of the remaining Melaspileaceae species will be placed in Asterinales and presumably shared some characters of ascomata and life style (Ertz & Diederich 2015) .
The orders Asterinales, Capnodiales, Dothideales and Myriangiales have the same common ancestor, with possible origins in the Permian. The uniqueness of superficial hyphae with appressoria, and thyriothecia with "star"-like openings are typical of foliar epiphytes in Asterinales. The lichenicolous (Melaspileaceae) in Asterinales also share with Asterinaceae, some characters such as clavate with 8-spored asci and 1-septate, brown ascospores. Some species in Capnodiales and Myriangiales have similar flattened ascomata, as Asterinaceae species, but lack "star"-like openings and superficial hyphae with appressoria. However, they are unrelated to the Asterinales clade. The divergence time estimates for Asterinales are approximately in the Jurassic, while the split nodes of Dothideales, Capnodiales, and Myriangiales are approximately at the middle of Triassic, which suggest Asterinales evolved later.
The origin of land plants are major structural components of terrestrial ecosystems which led to important changes in the environment (Kenrick & Crane 1997 , Lewis & McCourt 2004 O'Kelly 2007) , and is dated approximately at 476−432 Mya (McCourt et al. 2004 , Leliaert et al. 2011 . Because the crown node estimated for Asterina appears in the Cretaceous to Cenozoic, thus we presume that foliar epiphytes in Asterinales may already have been associated with plants at least in the Cretaceous. No fossil for Asterinales has so far been discovered in pre-Cretaceous.
In our study, Capnodiales comprise three strains of Capnodiaceae, which are closely related to the clade containing Dissoconiaceae, Euantennariaceae, Extremaceae, Mycospherellaceae, Schizothyriaceae, and Teratosphaeriaceae. The family Capnodiaceae has unique morphological characters. Foliar epiphytes in Capnodiaceae feed on honey dew excreted by insects (Chomnunti et al. 2011 (Chomnunti et al. , 2014 . Others families within Capnodiales presumably evolved from Capnodiaceae (Fig.  7) . Some groups in Capnodiales have the ability to reproduce and survive in specific habitats, such as the rock-inhabiting fungi (i.e. Extremus antarcticus and Cystocoleus ebeneus) occur at the base of Capnodiales. Over time, species might have diverged and adapted to changing environments several times.
Species of Capnodiales mostly have superficial ascomata, but they are immersed in some species of Mycosphaerellaceae and Teratosphaeriaceae (represented by Ramularia endophylla and Teratosphaeria fibrillosa in our analysis, Fig. 7) . Schizothyrium pomi (Schizothyriaceae) and Uwebraunia commune (Dissoconiaceae) are flyspeck and sooty blotch fungi, with have completely superficial ascomata, appearing as small black dots, on the cuticle of plants. The superficial hyphae of foliar epiphytes from these families can coat the surface of plants. Piedraia hortae (Piedraiaceae) is a pathogen in humans causing 'black piedra' in hair. It is therefore important to understand how this species evolved and became pathogenic, but we are unable to establish the evolutionary relationships of Piedraiaceae with our dataset herein.
Sooty moulds in Capnodiaceae live on plant surfaces and feed on the honeydew from insects (Hughes 1976 , Faull et al. 2002 , Auclair 1963 ). The first aphid fossil was dated to the middle of Triassic (Szwedo & Nel 2011) , and sucking insects with sucking beaks are known from the Carboniferous (Labandeira 2006 , Nel et al. 2013 . Thus, associations between sooty moulds and honeydew-producing insects may have evolved before the Cretaceous (Schmidt et al. 2014) . Foliar epiphytes in Capnodiales were also presumably associated with plants at least in the early Cretaceous based on the oldest fossil evidence from Metacapnodiaceae. This family provides the fossil calibration for the crown node of Capnodiales with an estimated date in the Cretaceous (Fig.  7) . No fossil evidence for Capnodiales has been found before the Cretaceous. Based on evidence from the earliest diverging lineages, Phaeotheca and Comminutispora (Crous et al. 2007 ), the ancestral nutritional mode of ancestors of Capnodiales are likely to have been saprobic. However, Ismail et al. (2016) indicated that the ancestral nutritional mode of Capnodiales ancestor is likely to have been plant parasites. The different families of Capnodiales appear to have evolved several times, with different lifestyles (e.g. Capnodium salicinum as saprobes and Piedraia hortae as human pathogens), however, the taxa in the later diverging clades tend to be strictly necrotrophic plant pathogens (Crous et al. 2007 ). Capnodiales will probably comprise numerous divergent groups with different lifestyles, once adequate sequence data from a wider number of species are analysed.
The Meliolales crown group diverged in the Cretaceous (Fig. 8) . Species in this order are mostly biotrophic parasites, as they have superficial hyphae with hyphopodia. They form a distinct lineage at the base of Sordariomycetes. Thus, they were represented as the subclass Meliolomycetidae (Maharachchikumbura et al. 2015 (Maharachchikumbura et al. , 2016 . The ancestral nutritional mode of Meliolales is likely to have been saprobic or weakly parasitic; this presumption is based on the relationships between Meliolales and other ancestral saprobic orders of Sordariomycetes. The lineage of Meliolales has therefore evolved to be specific plant pathogens and are not saprobes. Within the Meliolales, species have evolved the unique characters of superficial hyphae with hyphopodia, which obtain nutrients from living plants (Hongsanan et al. 2015a ). The genus Meliola and Asteridella obesa evolved from a common ancestor and the former have reduced outer, conical, peridial cells and produce setae on superficial hyphae. The associations between Meliolales and plants presumably evolved at least in the Cretaceous, based on the divergence estimates, although fossil specimens of Meliolales have only been found in the Eocene. This coincides with the major periods of radiation and spread of Angiosperms (Slippers et al. 2013) .
In this study, the order Microthyriales form a sister group with Venturiales and share a common ancestor, but this relationship is not well-resolved (Fig. 7) . The earlier ancestral node comprises Microthyriales, Natipusillales, Phaeotrichaceae and Zeloasperisporiales. Microthyriales and Zeloasperisporiales are foliar epiphytes, while Natipusillales and Phaeotrichaceae are freshwater fungi and dung fungi, respectively (Fig. 7) . The appearance of freshwater and dung fungi in this node demonstrates that different lifestyles have evolved several times (Vijaykrishna et al. 2006) . Since Zeloasperisporiales and Microthyriales are a recent lineage, we conclude that foliar epiphytes within this ancestral node have evolved the thyriothecia, later than other foliar epiphytes. As little sequence data is available for Microthyriales, thus we do not discuss the evolution of genus/species here.
